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It is possible for men to develop cardiac levions similar to those previously noted

in the adult minlature swine, and these lesions may be caused by the release of, v
endogenous catecholamines.
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THE EFFECT OF HIGH Gz FORCES ON SYMPATHETIC NERVOUS ACTIVITY
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—hyﬁroxylnue vere used to cuantitatoe the degree of symeoathotic

ne

tion undnrgone by adult miniature swine and by men.  Swine exposed
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parin nd the more severe the injury the higher the norepincphrine levels
bacone. These peop are subject to development of myocardial lesions similar

to those seen in auult miniature swine during high + Gz exposure ard have a
very high incidence of electrocardiographic abnormalities. 1t is possikle for
2lop cardiac lesions similar to thoze previously noted in the adult
inc, and these lesions may ba caused by the release of cndogenous




NERVOUS PESDPONMSE TO HIGH + GZ FOFCES TN THE ADULT HINIATURE

In work performed with Dr. Russell Burton and associates at the Biodyrnamics
Branch of the USAI School of Aerospace MMedicine, Brooks Air Force Basz, Texas,
2 evaluated the sympathetic nervous response to high + Gz forces in adult
miniature swine. This animal is susceptible to cardiac pathology associated
with hiqh sustained + Gz (Burton and MacKenzie, 1976). Studies in other mammals
have demonstrated that infusion of exogenous catecholamines can lead tn cardiac
pathology and so it was of interest to determine the levels of endogenous
catuechiolamines secreted by the adult miniature swine in response to this stress.
ader exceleration with high + Gz forces, there is a decrease in hlood pressure
o the carotid arteries whare the major barorecepteors arc located. This
ritiates a reflex discharge of sympathetic nerves which uelp restcore blood
e by secrcting norepinephrine which constricts blood vessels and stimu-
es the heart. At the same time, i1f the animal has an cmotional resgonse Lo
severe stress, it will have an adrenal discharge of cpirnephrine and
inephrine. The secretion of epincephrine is even more potent in stimulating

t but is not nearly so effective in maintaining blood pressure as is

(t = e o
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atic neuronal secretion of norepinephrine. We measured these substancas
d from three adult miniature swine exposed to a simulated air combat

- lasting 100 seconds with exceleration up to + 9 Gz. Prior to the
experiment, the swine had plasma norepinephrine levels of 0.4 * 0.08 ng/ml and
nad plasma epinephrine levels of 0.1 * 0.03 ng/ml. This same experiment was
rereared five cimes and the stress of preparation for the experiment lead to a
considerable increase in circulating catecholamine levels before the animals
were cver exposed to cne stress of high + Gz. (See Table 1).

Blood was sampled from the swine before, during, immediately after and
two minutes after an exposure to 100 seconds of high + Gz forces. Tha
norepinephnrine responce to this strese is shown in Figure 1.

A can b2 seen in Figure 1, the animzls had a massive response of
~i3 plasma norepinephrine to the stress of high + Gz. These levels
plasma norepinephrine are higher than we have ever documented in pcople

and should elicit a maximal response of symmathetic nervous elements. The
fall-off of plasma levels of norepinephrine is very rapid with an estimated
half-13ife of about one minute. This is somewhat more rapid than prior estimates
of catecholamine half-lives of two to three minutes that had previocusly been
rade. We suspected that after such a massive sympathetic nervous discharqge

that the sympathetic nerves might become depleted of reserve norepinephrine and
then there would ke a diminished response of circulating norepinephrine in

recponse to an identical stress. To evaluate this, animals were exposed to

five hign + Gz runs on the same day and then plasma samples taken for a repeat
measurarnent of nlasma norcoinephrine. Contrary to our expectations, norepine-
vhrine levels were consistently higher during the £iftl siwulatcd 2ir combat
nancuvete than during the first. The percent difference in norepinephrine is
nost otrikingly incseased before and two minutes after the simulated air combat
rating that these animals were continuing to secrete high level
of norepinephrire ~von while the specific stress of high + Gz forces was not
ocueurying. hin reselt, while comewhat reassuring in that it demonstrates that

mammalian Syrpathetic nervnne cvekame hasna an S ST YESRPUS SanToalv, 1T s

D P
TYANCY T ey ot

Sisrconcerciae 1n thoe implication that after prolonged stress animals maintain
4 continuous and rossibly inappropriate output of noreninephrine.




DOVAMINE-BRETA-UYDROUKNLASE APTER EXPOSURL TO HIGH + GZ FO

hoet
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Dopamine-beta-hvdroxyase (DBH) is the enzyme which synthiesizes norepine-
phrine from depamina. The enzyme 1s present in vesicles i1n noradronergic rerve
erminals with norepinephrine. When a noradrenergic nexve 15 stinulated it
elcases norepinephrine and DBH. HNorepinephrine is rapidly inactivatcd and
has a very short plasma half-life of from one tu three minutes. Thus a plasma
norepinephrine level obtained very long after a stressful cvent cannot give an
evaluation of the measure of sympathetic stress that occurred during that cvent.
051, however, has a very long plasma half-life. Thus, a symoathetic nervous
stress that causes a large relcase of norepinephrine and DBii can be dotected
at a later time through measurement of plasma levels of DBH. On the cther hand,

LY levels should not ke expected to show as dramatic a rise after a sympathetic
nervcus stress as norepinephrine siace at any time there is a large amount of
circulating DBH present because of its long half-life. Figurc 3 shows DB
levels in the same swine whose norepinephrine and epinephrirc levels are shown

in

ot

in Figures 1 and 2. During the first air combat mancuver DBH levels rise a
small amount and then fall slightly two minutes after the end of the iCHM. After
five simulated air combat maneuvers DBH levels have increased markedly from

the contribution of sympathetic nerwous discharge that occurred during al

ik

five ACM oroceldures.

The rlasma lev:l of DBH appears to provide a measure of svmpathotic
nervous stress that has occurred over a longer period of timec. It may be a
vorthwnile tosl in evaluation of stress undergone by pilots actually flying
aircrafit since limitations on when blood can be sampled precludes measuremant
of plasma norepinephrine in these pilots. A meacsure of plasma DBH in pilots
who undergo simulated alr combat maneuvers in a centrifuge and then actually
fly aircrafc could help determine if actual alr combat maneuvers provide ¢
significantly greator stress than simulated air combat maneuvers in a centrifuge

»
J

HUMMND STUDTH

Morepincophrine Levels in Pilots Subjected to High + Gz Forces: As can
be seen in Figure 4 when blood is drawn from men who have undergcne a force of

7 G tnere 1s a marked increase in plq ma levels of norepinephrine wnich appears
to be linear with increasing duration of exposure to high + Gz. The basal

levels of plasma norepinephrine of these subjects are about normal Jur sitting
subjects (Lake et al., 1976). The average level of G force to which these
subjects were subjected is similar to the G force to which swine werz subjects
for 100 seconds in prior experiments and norepinephrine levels of about 5,000
pg/ml one minute after exposure are similar to those of swine two minutes after
G exposure. Tt thus appears that both basal levels of norcpinepnrine and
norepincphiine levels after high + Gz exposurce are quite similar in man and
swine and that the adult miriature gswine may serve as an appropriate model for
tic rervous stress undergone by man in response to high + Gz forces.

(‘L

sanat?
Head Injured iman as a Model of Heart Damage From Exo Svmpathetic
wobivite: Burton and Mac¥enzie (19786) have found that when the adult
female minilature swine s cxposed to G forcos in the range of those rmen arc

Lerous

exnosed to while flying combat aircraft that these animals can develop sub-
‘ndosardial nemorrhage and stress cardiomyopathy (Burton and lackKoenzic, 19765
Mactonzic and Burton --3 Butcher, 1976). Animal studies alon~ cannot clarify




cardiac abnormality was not suspocted.

The anatomically demonstrared cardiac lesions consisted uniformly of
superficial areas of subendocardial hemorrhagc and ncecrosis. Adjacent myocardial
fibrosis was noted in one cas<. The .esions were clustered on the left side
of the intraventricular septum and occasiocnally involved the papillary muscu-
lature. This type of lesion is very similar to that previously described in
the adult miniature swine by Burton and MacKenzie (1969).

In the prospective study monitoring of the ECC was carried out in a
consacutive sericz cf brain injured patients with head injurvy from spontaneous
intracerepral henatona 2r trauma. The ECGs were abnormal in 89% of the
patients. Thesge abnormalities were minor in only five or 1% of the patients.
As shown ir Table 4, the ECG abnormalities included 31 cases of ST interval
prolongation as well as 21 cases of T-wave changes. Other abrormalities
included disorders of rhythm, rate and conduction.

All of the six patients who died had abnormal ECG findings (Table 5).
Post-mortem examination was performed on four of these patients. Gross and
microscopic examination of the heart revecaled myocardial fibrosis in one case;
the other cases had no acute cardiac lesicns.

The patients with positive ECGs tended to have more scvere head injury.
Trhe overall mecan-coma score was 9.3 for all pvatients. The mean score of those
patients with negative ECGs was 13.6, while that of the patients with positive
ECCs was 9.

Norepinephrine levels were determined in 61% of the patients. Sixty-
three percent of these patients had elevated serum norepinephrine levels
(greater than 50 pa/ml). Of the 17 patients with elevated norepinephrine, 16
of them had abnormal ECGs. As can be seen in Figure 5 patients with low coma
scores wiho were most severely head injured had the highest plasma norepinephrine
levels.

There clearly appears to be a relationship between ECG changes and brain
injury and also a relationship between brain injury and elevations in norepine-
phrine levels. The fact that 16 of the 17 patients with elavated norepinephrina
levels had abncrmal ECGs suggest that increased sympathetic nervous activity
is causal in the development of ECG abnormalities in head injury. The retro-
spective study szhowed pathologic evidence of cardiac changes characterized by
forzal changes in the bundle of His and left intraventricular septum. There
is a high concentration of sympathetic nerve endings to the heart in the area
of the septum where cardiac damage was observed. The relationship between
elevated scrum norepinepnrine levels and ECG abnormalities suggest that there
may be an c¢xcess of catecholanane release in these endings, which may produce
the conducticn changes and myocardial damage observed.

Those atidies fomonstrate that after head trauma man is sucsceptible to
the type of cardiac lesions demonstrated by burton and MacKenzice (1909) in
swine oxponcd to high + Cz. A common cvent occurring in these two circumstances
is increaced calocholamine secretion.
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FIGURE 2: Levals of plasma epinephrine in adult miniature swine exposed to

high + Gz forces for 100 seconds. Refer to Pigure 1.
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lasma levels of dopaminec-lLeta~hydroxylase in adult miniature
in resuonse to exposure to 100 seconds of nigh + Gz. Refer to Figure 1.
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'ToURE v Plasna norepinephrine levels of five subjects who underwent a force
of + 7 G ofor from 10 to 60 seconds. Blood samples were drawn an average of

one mintrce atter the termination of high v Gz exposurc.
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RELATIONSHIP BETWEEN SERU NOREPINEPHRINE LEVEL AND COMA SCORE

Norepinephrine

Mag/mi

3500 —
3400 —
3200 -
3200 —
3100 —
000 —
2300 —
2600 —
2700 -
2607 —
2500 —
2700 —
[S1UL0 R
2200 —
2103 —
200C —
1830 —
1600 —
1700 —
1620 -
1500 ~
1400 —
1330 —
1200 —
P00 —

1000 -

LT
Y

*42
:32
31 25 "5
*24
"33
"39
“1
14 "a3
"1 *27
17 *a5
t37 Abno !
e RIS
"28 ‘a1 "35
- .30
1
2 *36
3 4 5 6 7 9 0 10 11 12 13 14




TABLE 1

ErFECTS OF STRESS OI' PREPARATION FOR HIGH + GZ EXPERI:
ON PLASMA NOREPINEPHRINE AND EPTNEPHRINE

17

WBHTS

State of Animal Relaxed Prior to ACM 1

Plasma Norepineghrine 0.4 + .08 1.5+ .4
(ng/ml)

Plasma Epinephrine 0.1 + .03 0.8 + .3

(ng/ml)

Prior to ACHM 5
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TABLE 1T

CLASSIFICATION OF ECG ABMORMALITIES

1. MINOR

1. Prolonged Q7 Interval {corrected)
2. Tachycardia

3. Bradycardia

1. Mandering Pacemaker (Arrhythmia)
2. Premature Ventricular Contractions
3. Hypoxic

a. ST Changes

b. Inverted T Vaves

¢c. Frank Infarction




TABLE 1T

CARDIAC ABNORMALITIES IN 28 FATAL
HEAD INJURIES - RETROSPECTIVE ANALYSLS

19

SURVIVAL
CASE ¢ AGE SEX BIAGNQOSIS DAYS ECG DOE ECG ABHORMA HEART
1 20 M VSubdura] Hematosa 8 No -- +
2 17 M Intracerebral Hematoma | No - -
3 40 M Subdural Hematoma 8 No -- -
2 27 M CHI 2 No - .
5 63 F Subdural Hematoma 2 MNo - _
6 29 M CHI 11 Yes Yes +
7 19 M CHI 0.5 No . i
8 63 M Depressed Fx 18 No - -
q 40 M Intracerebral Hem. 26 Yes NO -
10 24 M Intracerehbral Hem. 2 No - _
11 2] M Intracerebral Hem. 6 Yes Yes -
12 4 mos F Subdural Hematoma 1 No e _
13 16 M Subdural Hematoma 3 No — +
14 33 M Intracerebral Hem. 1 Ho -- +
15 16 M CHI-Basilar Fx G.% Yes Yes -
15 53 M CHI 54 Yes Yes -
17 51 F o CHI 5 No - .
18 20 i Epidural Hematoma 2 flo - -
19 45 M Lepressed Fx 0.5 Yes Yes _
20 20 M Subdural Hematoma 20 No _ _
2] 65 14 CHI 8 Yes Yes _
22 17 mos M CHI > lo -- 1
23 42 M CHI 0.5 Mo . _
24 33 M GSW 8d Mo - '
25 16 M CHI 1 Yes Yes -
26 41 F Acute Subdural Hem, 13 Yes Yes -
27 70 M CHI 10 Yes Yes -
28 43 M IntracerebralHematoma0.5 No - -

R




ECC ABMORMALITIES IN 9 FATAL HEAD INJURIES

TABLE IV

Retrospective Study

CASE # } AGE [SEX | DIAGNOSIS SURVIVAL ECG FINDINGS ANATOMIC HEART FINDINC
6 29 M Depressed Fx |11 days | Serious Tachycardia Subendocardial Hemorrk
Peaked T laves
13 21 M Intracerebral] 6 days | Serious Tachycardia Head only examined
Hematoma Peaked T Waves
Prolonged QT Interval
15 16 M CHI 1 day Prolonged QT Interval Heart Negative
16 53 M Intracerebral} 54 days | Prolonged QT Interval Heart Negative
Hematoma Bradycardia
19 45 [ CHI 1 day Atrial Fibrillation Heart Negative
21 65 M CHI 8 days | Serious Tachycardiz tleart Negative
Paroxysmal Atrial
Tachycardia
ST Segment Elevation
Prolonged QT Interval
25 15 M Hypoxic 1 day Serious Tachycardia Heart Negative
Encephalpathy Prolonged QT Interval
29 4 F Acute 13 days Serious Tachycardia Heart Negative
Subdural Paroxysmal Atrial
Hematoma Tachycardia
ST Segmant Elevation
Prolonged QT Interval
27 70 | CHl 10 days | Serious Tachcardia Heart MNegative
LVH
Prolonged QT Interval
I .




TABLE V

*
ECG ABNORMALITIES IN 38 SURVIVING PATIENTS

QT Interval Prolongation - 31 cases
T Wave Inversion - 21 cases
ST Segment Depression - 8 cases

Arrhythmias (atrial fibrillation,

ectopic beats) - 5 cases
Tachycardia - 2 cases
Wandering Pacemaker - 2 cases
A-V Block - 1 case
Bradycardia - 1 case
Premature Ventricular Contraction - 1 case

Most patients had more than 1 abnormality.
5 patients had no £CG abnormalities.




TABLE

VI

ECG ABHORMALITIES IN 6 FATAL BRAIN INJURIES

Prospective Study
AUTGPSY
CASE £ AGE | SE; DIAGNCSIS SURVIVAL ECG FINDINGS CARJIAC FINDINGS
S 67 M Intracerebral| 4 days |Minor - Prolonged QT Interval | No Post
Major - Left Atrial
Arrhythmia
ST Depression
13 50 M Intracerebral | 5 days |Minor - Prolonged QT Interval Heart hegative
Hematoma
Major - Wandering Pacemaker
19 67 M Intracerebral | 9 days IMingi - Prolonged QT Interval
Hematoma
Major - Myocardial Infarction Myocardial Fibr
Pattern
24 6 M Intracerebral $2 days [Minor - Prolonged QT Intcrv:ai no Post
Hematoma
(Only 1 ECG performed after
neurologic deterioration)
31 &5 M Multiple 10 days [|Minor - Prolonged QT Interval |Heart Negative
Intracerebral
Hematomas Major - Left Atrial Abnormality
ST Segment Depression
37 64 Iy Depressed Fx 5 days [Minor - Prolonged QT Interval Heart Megative
with Intra- Tachycardia
cerebral
Hematoma dajor - T Yave Inversion
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